Objectives: Information regarding the acquisition of speech sounds of children with autism spectrum disorder (ASD) is lacking in the literature. The present study examines the English speech sound acquisition of an 11-year-old child with severe speech impairment secondary to ASD, who was minimally verbal and had a significantly delayed onset of speech as late as seven years; the child was exposed to Korean and English at home but spoke English as a primary language both at home and school. Methods: Data was collected monthly over a one-year period along with two additional sets of follow-up data (6 months and 20 months after the one-year study period). Phonetic and phonological characteristics of single word production were examined through analysis of the phonetic inventory, percentage of consonants correct (PCC), and typical/atypical error patterns. Results: Results show that PCC increased approximately 10% over a year. The child's phonetic inventory was relatively large when compared to his low PCC. His most common error patterns were cluster reduction, final consonant deletion, and stopping. The child also produced a number of atypical error patterns (especially backing). The 20-month follow-up data indicated a continuous decrease of final consonant deletion and stopping as well as an additional 13% increase in PCC. Conclusion: Results of the current study suggest that minimally verbal children with ASD can continue to develop speech sounds despite severe impairment and significantly delayed onset in producing speech sounds. Many children with ASD have been reported to be nonverbal by age 5 or older (Tager-Flusberg & Kasari, 2013) . The percentage of children reported to be nonverbal range from 30% to 75% with a decreasing trend in more recent years (National Research Council, 2001; Tager-Flusberg & Kasari, 2013) . The fact that the percentage of children who are non-verbal has decreased is encouraging given the importance of verbal communication in daily functioning.
최소 언어 산출 자폐 아동의 영어말소리 습득에 관한 종적 연구: 사례 연구 • 김민정 외 Kasari, 2013) . Additionally, information regarding the speech sound acquisition of these children who are minimally verbal is limited (Cleland, Gibbon, Peppe, O'Hare, & Rutherford, 2010; McCleery, Tully, Slevc, & Schreibman, 2006; Wolk & Giesen, 2000) .
There have been a number of studies on the verbal communication of individuals with ASD (Tager-Flusberg, Paul, & Lord, 2005) .
Most of the research on communication in ASD has focused on the pragmatics of language in high-functioning individuals with autism who have average cognitive functioning (Bauminger-Zviely, Karin, Kimhi, & Agam-Ben-Artzi, 2014; Paul, Orlovski, Marcinko, & Volkmar, 2009) . This is because individuals with high-functioning autism typically display fairly intact morphosyntactic development, but with delays in semantic-pragmatics. Articulation and phonology in children with ASD have been reported to be relative strengths when compared to the other speech and language domains in these individuals who are considered to be verbal (Kjelgaard & Tager-Flusberg, 2001; Rapin & Dunn, 2003) . However, children with low-functioning autism tend to be minimally verbal, and produce limited speech output, sometimes characterized by jargon that is unintelligible (Tager-Flusberg et al., 2005) . Therefore, the area of articulation and phonology in the field of ASD remains to be explored, particularly since the speech sound acquisition of low-functioning autism has not yet been systematically examined (McCleery et al., 2006) . Pickett, Pullara, O'Grady, and Gordon (2009) carried out an extensive literature review to identify individuals with autism who began to develop speech at age 5 or older and determine the number of children who were successful in achieving speech and language development. Based on 64 published papers from 1951 to 2006, the authors found that a total of 167 individuals with autism developed speech at, or after, age 5. Out of nine studies conducted between 1967 and 1999, the authors found that approximately 22% of children who lacked speech at age 5 or older eventually developed speech in the form of single words, echolalia, and sentences. In general, the studies have shown that most children developed speech between ages 5 and 7 while some acquired speech between ages 8 and 13. It was reported that there had been significant variability in the onset of speech and the rate of subsequent speech and language development.
Issues to examine in the speech sound development of children with ASD also include whether these children acquire speech sounds in the same order as typically developing children, and whether they display the same, or similar speech sound errors as those of typically developing children. Schoen, Paul, and Chawarska (2011) reported that 30 toddlers with ASD produced speech-like sounds that were similar to those of their language-matched peers in terms of the consonant distribution and the order of emergence of consonants. However, the children with ASD produced significantly more atypical non-speech vocalizations when compared to their age and language-matched peers. McCleery et al. (2006) compared the consonant production of 14 children with autism (between ages 2;1 and 6;11 [year;month]) to that of 10 typically developing children (between ages 13 and 14 months old) based on words understood and words produced. These children were reported to produce an average of seven words with a large portion of non-speech vocalizations. The authors reported that the children with autism exhibited the same consonant production patterns as those of the typically developing children; both groups produced the earlier developing sounds /b, d, h, m, n/ more frequently than the later developing sounds /dʒ, l, r, s, t/. Additionally, the children with autism produced voiced sounds significantly more than voiceless sounds. These same patterns were observed in typically developing children. Cleland et al. (2010) examined speech sound production errors and phonological error patterns using the Goldman-Fristoe Test of Articulation-2 (GFTA-2) in 69 children with high-functioning autism and Asperger syndrome. On the GFTA-2, 20 out of 28 children who produced errors had standard scores within the normal range; the remaining eight children scored lower than the normal range. The result of the error analysis indicated that both developmental errors (the three most common errors were gliding, cluster reduction, and final consonant deletion) and non-developmental errors (backing, nasal emission, sibilant dentalization) were observed. Of the 20 children with normal GFTA-2 scores, developmental errors only were observed in 11 children, non-developmental errors only in five children, and both developmental and non-developmental errors in four children. Of the eight children with standard scores falling outside the normal range, developmental errors only were observed in three children, non-developmental errors only in one child, and both developmental and non-de-Minjung Kim, et al.
• The Acquisition of English Speech Sounds by a Child with ASD velopmental errors in four children. Therefore, the results of Cleland et al. (2010) are inconclusive regarding the association between phonological error patterns and severity of sound production errors in high-functioning children with autism.
Another study examined four siblings with autism (ages 2;3, 3;9, 5;9, and 9;0) out of a total of eight children in a family and reported atypical patterns of phonological development. These included certain phonological processes that persisted beyond the expected age (final consonant deletion, cluster reduction, labialization), unusual sound substitutions (frication for stops and liquids, velarization of [ŋ] for /n/, coalescence), unusual sequence of sound development (absence of early developing sounds in the presence of late developing sounds), and limited contrast use (Wolk & Giesen, 2000) .
There has been extensive research on speech sound development in typically developing children learning English (Grunwell, 1982; Smit, 2007; Stoel-Gammon & Dunn, 1985; Templin, 1957) . However, relatively limited literature is available on speech sound development of children with ASD. Furthermore, information on how children with ASD who are minimally verbal acquire speech sounds is lacking. In particular, the speech sound acquisition of children with ASD who demonstrated a significantly delayed onset of speech production (past age 5) is of interest.
Purpose of the study
The purpose of this current study is to examine the English speech sound acquisition of a child with ASD, who is minimally verbal with the onset of speech production past age 5. We identified a child who had an onset of speech sound development as late as 7 years of age and has a severe speech impairment secondary to ASD. Given the scarcity of studies on the speech sound development of children with ASD but the high degree of heterogeneity of severity and functioning level of ASD, this case study allows us to examine internal change over a one-year period. The examination of internal changes over time is imperative at the current state of the literature on speech sound development of minimally verbal children with ASD. The specific research questions are as follows. 
METHODS

Participants
One 11-year-old boy (henceforth referred to as Y) who was diagnosed with autism at the age of three years participated in this case study. The child was recruited from the monthly parent support group that the second author has hosted on a university campus. Y was age 11;1 at the onset of the study, and was 12;1 when the study concluded. He had a one-year-old younger sister who was developing typically. Y received applied behavior analysis (ABA) therapy at home (approximately ten hours per week) during the study period. He attended an English speaking, non-profit private school daily. Y's mother used both English and Korean when interacting with the child. He has been exposed to English at school and during all interventions including ABA; speech and occupational therapy at school were provided in English. He spoke English as a primary language both at home and in school.
Y's developmental history is as follows. Y's motor developmental milestones occurred at the expected age and the parents had no concern about his development until his first birthday. On his first birthday, Y cried for several hours until his mother returned home.
Y had extreme difficulty with separation from his mother. He made eye contact with his mother, but not with others, and was not interested in other children (i.e., ignored them or pushed them away).
He disliked any physical touch with others. At the age of 3 years, Y was diagnosed with autism using the DSM-4 criteria at a teaching hospital by a child psychiatrist in Seoul, Korea. His hearing was also tested at the hospital and reported to be normal. Y received speech-language intervention in Korean at the age of 5 years, and old. Y's mother perceived that his attempts to vocalize increased notably at the age of ten. At age 7, Y's memory for sentences also increased so that he could imitate sentences. He was often observed to repeat words. At the onset of the study, his dominant language was English, and his speech was comprised of mostly one-word productions and simple two to three word phrases (e.g., "I want water", "I read a book") that were taught from speech therapy at the non-profit private school. After the one-year period of data collection, Y began to receive three-month trial of speech-language therapy (two times weekly for 45 minutes), which was supplemental private speech-language intervention to improve his speech sound production. This supplemental intervention was provided based on Y's mother's perception that clearer speech production could improve his functional communication at school.
Background data
Y's mother completed the Social Communication Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003) Lifetime form at the beginning of the study. The SCQ is an ASD screening test for children above age 4 years whose mental age is at least 2 years (SCQ manual, p. 1). Bishop and Norbury (2002) Y's IQ test results were not available. The second author, who is familiar with the Kaufman Assessment Battery for Children-II (Kaufman & Kaufman, 2004) and had experience using it for research, attempted to measure his IQ for this research. She was able to complete and score one sub-test (Triangle) (scaled score =14). Y's receptive vocabulary was at a 3-year-old level (raw score = 41, standard score = 21) when he was 11 years 9 months old. His expressive vocabulary at the onset of the study was not measured due to his lack of cooperation. Y's receptive and expressive vocabulary levels were measured using the PPVT-4 and the Expressive Vocabulary Test-2 (EVT-2; Williams, 2007) respectively after the oneyear period of the study. Y's raw score on the PPVT-4 was 43 (standard score = 20, age equivalent score = 3;1). Y's expressive vocabulary raw score on the EVT-2 was 37 (standard score = 22, age equivalent score of 3;4).
His speech sound production skills were assessed using the GF-TA-2 (Goldman & Fristoe, 2000) . This test includes 53 words that contain all English consonants in word-initial, medial, and final positions except for the voiced post-alveolar fricative (i.e., /ʒ/). The entire words on the GFTA-2 were first reviewed with Y in order to probe his familiarity with the words. Subsequently, words such as 'feather', 'pencils', 'finger', and 'pajamas' were taught before the test was administered since they seemed to be absent or be present as perceptually related words (e.g., leaf for feather) in the child's expressive English vocabulary. Y obtained a raw score of 53, which indicated a developmental age of less than two years. In order to assess Y's motor aspects of speech production abilities, the Kaufman Speech Praxis Test (Kaufman, 1995) was conducted. Due to Y's lack of cooperation, the test was discontinued after two parts (the oral movement level and simple phonemic/syllabic level) were administered. Y demonstrated appropriate oral movement except for a slightly reduced range of lip movement (spread/pucker/alternating). He accurately produced all individual vowels (Vs) and consonants (Cs), V-V/ C-V/ V-C-V movement, repetitive syllables, and simple monosyllabic words.
Data collection
Both researchers visited Y's home once a month over the oneyear period, where data was collected over 12 sessions. Y's word productions were obtained using pictures of a standardized test Minjung Kim, et al.
• The Acquisition of English Speech Sounds by a Child with ASD (GFTA-2) to systematically examine any changes in his sound production over time. Occasionally, Y was quiet and did not produce certain item words. In such cases, a model was provided to the child and efforts to collect delayed productions, rather than imitations, were made as much as possible. When there were multiple productions for the same target, the first spontaneously produced token was selected. A total of 636 word productions (53 words× 12 sessions) were obtained and utilized for phonological analyses.
Five of them were imitated productions, and 81 tokens were delayed productions, both of which were mostly produced during the first three sessions. As for the examination of Y's phonetic inventory, on the other hand, all speech productions collected over each session were utilized. The speech productions were recorded using a Sony linear PCM Recorder and Azden WMS-PRO wireless microphone that was attached approximately 10 cm from the child's mouth.
Additional data collection
Data collection was extended to include two additional sessions: one session after six months (follow-up session 1) and another session after 20 months (follow-up session 2) from the end of the oneyear period study. The rationale for collecting additional data was to further examine whether Y had reached a plateau, or continued to develop in his speech production.
Phonetic transcription and transcription reliability
The speech samples were transcribed phonetically by a primary transcriber, who is a certified and licensed speech-language pathologist with experience in transcribing disordered speech samples. She is a native speaker of Korean and English-Korean bilingual. Broad transcription was used, except in the case of any distortions or non-English speech sounds for which diacritics were used. Sounds perceived as not typical English speech sounds were marked as distortions (e.g., stops that were produced as tense [p*, t*, k*]). The primary transcriber reviewed the transcription and classified distortions into Korean influenced non-English and other non-English or distorted sounds (Table 1) .
Inter-transcriber reliability was assessed by two secondary transcribers who were native English-speaking students. They were trained with speech samples from the same child before transcribing the selected data for the reliability measure. The inter-transcriber reliability was obtained using speech samples from two randomly selected data collection sessions, which is approximately 15% of the entire data including follow-up data. Point-to-point reliability was obtained by comparing the transcriptions between the primary and secondary transcriber for all consonants the child produced.
There was 88% and 89% agreement for consonant production between the transcribers, respectively. : Sounds that were not produced; allophones /ʔ, ɾ/ were not considered, /θ/ was not produced across all the sessions, and /ʒ/ was not targeted.
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Data analysis
Phonetic analysis included identification of the child's phonetic inventory for English speech sounds, Korean influenced non-English speech sounds, and other non-English or distorted sounds.
All of the sounds produced, regardless of the accuracy in word production, were included in the phonetic inventory. As for pho- were examined. Although this study focuses on speech sound production, PNSC was measured to examine an ability to maintain the syllable structure within a word versus speech sound production abilities. As for the accuracy of consonant production, the PCC and the PCC-R were calculated. The PCC calculation was conducted based on the sampling and scoring rules of Shriberg and Kwiatkowski (1982) .
Lastly, the frequency of occurrence of typical and atypical error patterns (e.g., initial consonant deletion, glottal replacement, and backing) based on words that the child produced from the GFTA-2 were examined. There were a total number of 26 instances where consonant clusters occur in any word position, with two words containing two sets of consonant clusters. There were a total of 42 words that included final consonant(s). 7  3  16  6  3  3  10  0  4  11  16  3  1  12  6  1  3  7  2  5  17  13  2  0  14  9  4  8  5  2  6  14  16  2  0  12  10  3  5  7  2  7  14  15  4  2  15  8  5  7  9  1  8  11  18  3  1  15  11  3  6  13  5  9  12  24  4  1  10  10  4  5  7  2  10  14  20  5  0  11  10  3  4  7  2  11  13  19  2  1  11  8  2  6  9  5  12  13  21  4  0  13  9  2  8  9  1  Follow-up 1  14  13  3  3  12  7  2  9  7  6  Follow-up 2  13  10  2  5  9  7  2  6 8 5
RESULTS
Phonetic inventory
Phonological analysis
Figure 1 displays PNSC, PCC (distortions are considered incorrect), and PCC-R (distortions are considered correct) over time.
With respect to the PNSC, Y produced all the syllables for 88.7%
of the target words in the first session. As for the child's correctness of consonant production, both PCC and PCC-R were 30.5%, which indicates that he did not produce any distortions in the first session.
With regards to the changes over time, the greatest change for PNSC (from 88.7% to 100%) occurred between sessions 1 and 2.
Changes in PNSC in later sessions were much smaller. Overall, Y was able to preserve all the syllables for most of the target words The child not only exhibited speech sound production skills Minjung Kim, et al.
• The Acquisition of English Speech Sounds by a Child with ASD that were significantly delayed for his age, he also demonstrated atypical error patterns that are uncommon in typically developing children. The child exhibited frequent productions of final consonant deletion and cluster reduction, which are reported to be the most common typical error patterns found in children with ASD (Cleland et al., 2010) . (2005) proposed that either the 'incomplete underlying representation with lack of sufficient detail' or the 'inadequate articulatory abilities' can cause inconsistent productions in typically developing children. As for children with phonological disorders, the inconsistent productions are attributed to a deficit in 'phonological planning,' which requires the child to constantly engage in new planning each time a particular word is produced (Bradford & Dodd, 1996) . Although the underlying causes of the inconsistent productions in children with speech sound disorders are unknown, the inconsistent error patterns the child of the current study exhibited can be explained by a deficit in the phonological system (underdeveloped phonological representation with limited details coupled by reduced motoric practice by being minimally verbal). This should be examined in a systematically controlled future research.
The findings of the current study have significant clinical implications, which suggest that children with ASD who are minimally verbal can continue to develop speech sounds in spite of a severe impairment with significantly delayed onset in producing speech sounds. The continuous development of speech sounds by the participant in the current study can be attributed to natural development and speech intervention. While the child of the current study had been receiving speech intervention focusing on general communication skills at school, the child began to receive supplemental private speech-language service focusing on articulation therapy after the one-year study period to improve his verbal communication. Given that most intervention for children with ASD focuses on functional communication skills, it is possible that certain children with ASD who are minimally verbal can benefit from additional intervention focusing on speech sound production skills in order to maximize their communication effectiveness.
The current study has some limitations in the following aspects.
First, in order to control the stimuli, the phonetic inventory was based only on the productions of target words from the GFTA-2. This data collection method could limit the possibility of additional speech sounds in the child's word production that were not otherwise included in the study. In spite of the child's limited speechlanguage output, the addition of spontaneous speech data could make it possible to get a more comprehensive view of this child's speech sound production ability. The current study did not include a spontaneous speech sample because the child's daily speech is reported to be limited to mostly one-word productions, along with the occasional simple two-or three-word sentences, which were most often taught in speech-language therapy. Secondly, an intelligibility measure of spontaneous speech could be added in order to understand the functionality of the child's speech in a more natural context. Thirdly, the speech samples were analyzed from only one child. The results should be replicated with more participants.
Lastly, although this study examined speech sound acquisition 최소 언어 산출 자폐 아동의 영어말소리 습득에 관한 종적 연구: 사례 연구 • 김민정 외 from a child with ASD who was exposed to two sound systems (i.e., Korean and English), the study focused only on the acquisition of English speech sounds because of the child's limited production of Korean. Future research should examine the acquisition of Korean and English speech sounds in bilingual children with ASD.
